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The purpose of this research was to investigate whether an education/ training module on
NEXRAD and its products developed using Instructional Systems design criteria would
be effective for General Aviation pilots. Numerous studies have documented that
General Aviation pilots are in need of additional education and training on weather
concepts. A thorough needs analysis and literature review determined that training was
the best way to address this problem. An education/training module and assessments
were developed from scratch using strict instructional design criteria. Sixty students
from Embry-Riddle Aeronautical University participated in live testing of the module.
Participants were separated into control and experimental groups and took a pre-test and
post-test. Statistical analysis showed that participants who received training scored
significantly better between pre- and post-tests. Experimental group participants scored
significantly higher than those in the control group on both a radar knowledge test as well
as scenario-based questions.
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Chapter I
Introduction
The Federal Aviation Administration’s (FAA) Next Generation Air
Transportation System (NextGen) will transform the National Airspace System (NAS) in
all aspects by 2025. The components of NextGen will unite to form a new and improved
airspace infrastructure that will enhance safety and efficiency for many years to come.
come
These improvements will help all parts of the aviation system, including General
Aviation (GA), commercial aviation, and air traffic management.
Until these improvements are finished
finished, however, many problems remain for pilots
within the NAS. Many upgrades have been made to the commercial side of the NAS, but
the GA community is still much further behind. Figure 1 displays the total
otal number
n
of GA
accidents and fatal accidents over the last 20 years in the United States.

Figure 1.. U.S. general aviation accidents and fatalities for 1990
1990-2009.
Note. From NTSB Accident Statistics (NTSB, 2010).
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A large decrease in the total number of accidents from 1990-2009 is shown, but
the number of fatalities remains fairly consistent. The downward trend in accidents is a
great improvement for the GA community, but the fatality rate remains much too high.
The FAA remains diligent in their pursuit of reducing the number of GA
accidents. For instance, objective two in the Safety Issues section in the 2009-2013 FAA
Flight Plan is to reduce GA accidents to one every 100,000 flight hours, or a 10%
reduction in the next 10 years (FAA, 2009a).
Statement of the Problem
This research addressed a multi-faceted problem being faced in the GA
community. As previously discussed, weather has been and continues to be a significant
problem for all parts of aviation, but especially for the GA community. Unlike other
portions of the NAS, the main impact of weather on the GA community is on flight
safety, as borne out by the accident statistics and Figure 1. There are many potential
causes for these weather-related accidents, and these have been a topic of numerous
studies.
A deeper “root cause” of the accidents may be a lack of weather-related
education. For example, one study showed that pilots can answer all weather-related
questions incorrectly on a knowledge test and still receive a passing score (NTSB, 2005).
Understanding weather and how it may affect a flight is critical to the efficiency and
safety of the pilot. Just as understanding weight and balance or how to recover from a
stall is a vital part of flight training; understanding weather, weather hazards, and weather
products and tools is essential to flight safety.
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Another problem is associated with the advent of new technologies and a lack of
training associated with these new tools. Technology is expanding at an exponential rate,
and the same is true for weather technology. New tools are now available in many forms
and platforms, from mobile devices, to laptop computers, to tools specifically for the
flight deck. Pilots can now access weather products from the cockpit, some of which
include the Next Generation Radar (NEXRAD). These tools can produce a huge
improvement in a pilot’s situational awareness and can reduce pilot workload; however,
little to no training is being given on these new tools. With no training, these tools can
actually hurt the pilot and may lead to hazardous or fatal situations.
Purpose Statement
A lack of training for pilots on weather in general as well as for specific products
like NEXRAD and its use in the cockpit is a significant problem. These deficiencies can
result in a variety of issues, the most grievous being a fatal accident. A review of the
relevant literature on GA accident and fatality statistics, discussed in Chapter II, will
reveal that, despite a wealth of new products and information literally at the touch of a
button, GA pilots are still consistently in weather-related accidents, more than half of
which are fatal. The purpose of this study was to determine to what extent an education
and training module on the proper use of NEXRAD-based products in the cockpit,
developed using appropriate design protocols, will be an effective method for pilots to
learn about the product and improve their weather-related decision making.
List of Acronyms
AC

Advisory Circular

ADDS

Aviation Digital Data Service

AIM

Aeronautical Information Manual
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AIRMET

Airmen’s Meteorological Information

AMS

American Meteorological Society

AOPA

Aircraft Owners and Pilots Association

ASIAS

Aviation Safety Information and Sharing

ASOS

Automated Surface Observing Systems

ATC

Air Traffic Control

CFR

Code of Federal Regulations

DUATS

Direct User Access Terminal System

EFAS

En-route Flight Advisory Service

FAA

Federal Aviation Administration

FISDL

Flight Information Systems Data Link

FSS

Flight Service Station

GA

General Aviation

GWIS

Graphical Weather Information System

HIWAS

Hazardous In-flight Weather Advisory System

IMC

Instrument Meteorological Conditions

JPDO

Joint Planning and Development Office

LCD

Liquid Crystal Display

MANOVA

Multivariate Analysis of Variance

METAR

Aviation Routine Weather Report

MFD

Multi-function Display

NAS

National Airspace System

NBAA

National Business Aviation Association

NEXRAD

Next Generation Radar

NextGen

Next Generation Air Transportation System
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NOAA

National Oceanic and Atmospheric Administration

NRC

National Research Council

NTSB

National Transportation Safety Board

NWS

National Weather Service

OFCM

Office of the Federal Coordinator for Meteorology

SIGMET

Significant Meteorological Advisory

TAF

Terminal Aerodrome Forecast

TFR

Temporary Flight Restriction

TIBS

Telephone Information Briefing System

TWEB

Transcribed Weather Broadcast

VFR

Visual Flight Rules

VOR

VHF Omnidirectional Range

WTIC

Weather Technology in the Cockpit
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Chapter II
Review of the Relevant Literature
Weather-Related GA Accidents
Reasons for accidents and fatalities are widespread in GA but one area that causes
many accidents is weather. The National Transportation Safety Board (NTSB) has done
many studies on how weather negatively impacts the GA community, and many other
organizations have echoed this type of research in an effort to keep more pilots safe.
Though not the first report done on this subject, an NTSB study in 1974 is one in
a trend of research that shows that a large percentage of accidents in the GA community
are weather-related, and of those an even larger percentage are fatal. Specifically this
report stated that in a nine-year period from 1964-1972, 45,321 total accidents occurred.
Of these, 18.7% were weather-related, and of those, 23.9% were fatal. These fatal
weather-related accidents represented 36.6% of the total fatal accidents from the nineyear period (NTSB, 1974).
A study done by the FAA Aviation Safety Information and Sharing (ASIAS) team
showed how GA compares to other parts of aviation in weather-related accidents. Using
NTSB accident data from 2003-2007, the report showed that GA incurs the
overwhelming majority of weather-related accidents at 88%. Combined, FAA Parts 121,
135, and 137 make up only 11% of the accidents for those years. Fatalities in the GA
category were at 24%, resulting in 733 deaths overall in that four-year period (FAA,
ASIAS, 2010).
The 2009 Aircraft Owners and Pilots Association (AOPA) Nall Report echoed
similar results regarding current accident data. Breaking down the accidents into types,
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weather accounted for only 4% of accidents in 2008. However, the percentage of fatal
accidents due to weather in that year was 14.8%, which corresponded to a 70% lethality
rate (AOPA, 2009). While the trend in lethality does fluctuate from year to year, the Nall
Report indicated that there has been little overall change since 1999, which can be seen in
Figure 2, showing lethality rates of weather
weather-related accidents from 1996--2009.

Figure 2. Lethality rate
te of weather
weather-related
related General Aviation accidents for 1996-2009.
1996
Note. Data compiled from 1997
1997-2010 AOPA Nall Reports.

The newest 2010 AOPA Nall Report shows a small decrease in the overall
lethality rate for weather--related accidents at 61.9%. While this
is is an improvement from
many of the previous years, it still corresponds to the highest lethality rate for all of the
types of pilot-related
related accidents. Only one other type is close, maneuvering,
maneuvering at 58.2%; but
the fuel management, take off and climb, des
descent and approach, landing and ‘other’ types
are all significantly lower in lethality rates (AOPA, 2010). This shows that, even though
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the accident rate is dropping for weather-related events, the lethality rate is still large
compared to other accident factors.
Education and Training of Pilots
The NTSB and AOPA as well as other organizations and academia have given
numerous recommendations to the FAA and the National Weather Service (NWS) on
how to reduce the number of accidents and fatalities in the GA community (i.e., NTSB,
1974), especially in relation to weather. The same recommendation appears many times:
improve pilot education and training on weather hazards.
In 2005, the NTSB produced a report that examined risk factors for GA pilots by
reviewing 72 accidents occurring from 2001 to 2004 in adverse weather. Among other
things, the proficiency of pilots on FAA knowledge tests was investigated. The NTSB
found that, due to the way knowledge tests are currently structured, a pilot can answer all
weather-related questions wrong and still pass the entire test. The NTSB recommended
that there be a minimum number of weather-related questions that must be answered
correctly to pass, as well as putting a failure limit on knowledge tests, so that no one can
continue to fail on critical issues such as weather and still be issued a license (NTSB,
2005). The current knowledge test standards do not reflect this recommended change.
Three years later, a report was issued by researchers from the University of
Illinois on the subject of redesigning the weather questions for GA pilots in FAA
knowledge tests. This study examined the FAA’s 17 available documents that contain
study materials related to weather that are used to test pilots. These materials were
categorized by the required level of learning for each question as well as into content
areas (e.g., thunderstorms, decision making, etc.). They also examined 108 University of
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Illinois students’ written and oral exam reports. From this, it was shown that the pilots
were not overall poor performers, but that their main deficiencies were weatherknowledge-related. This study recommended that the FAA re-evaluate the testing
strategy that is being used, and incorporate scenario-based questions, as well as update
and improve the source documents on weather issues that are extremely out-of-date
(Wiegmann, Talleur, & Johnson, 2008).
The idea that pilots need additional training and education on weather-related
topics is not a new one. The 1974 NTSB report recommended that the written tests
examine a student’s practical application of meteorology in addition to the technical
aspects, as well as “require a demonstration of the applicant’s competence to procure and
utilize weather information which will enable him to exercise safely the privileges of his
pilot certificate” (NTSB, 1974, p. 21). The National Research Council (NRC) in 1994
recommended that a new curriculum be developed with the collaboration of the NWS to
ensure that pilots would be learning not only about the large, dramatic aspects of weather
such as thunderstorms, but also learn about the minute condition changes of atmospheric
variables that lead to the majority of the weather-related accidents in the NAS (NRC,
1994).
Flight instructors may have a great influence on the resultant student’s
performance on an exam. Burian and Feldman (2009) did a study on how flight
instructors view their own competencies on weather knowledge and practices, as well as
how they teach it and how much time is spent on the training. One finding was that
instructors in Part 61 institutions place significantly less emphasis on almost all weather
topics than those in Parts 141 or 142. This led the authors to the conclusion that more
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structure needs to be given in Part 61 weather-knowledge instruction, for all pilots to
have a consistent and elevated standard of training. The other major finding was the
difference between how well instructors think they understood weather concepts versus
what they actually understood. The instructors often perceived their abilities to be greater
than they truly were, which directly influences the quality of instruction to the student.
The authors recommended that higher educational standards for weather are not just to be
directed at private pilots, but to all students, such as flight instructors. More training for
flight instructors should include how to teach students the practical applications of
weather, such as products in preflight or in-flight phases.
Instructional Systems Design Process
Instructional design is more than just creating instruction. It is a systematic
approach to analyzing problems, identifying the needs of a group of people, and
determining an appropriate solution for that problem and group of people. The chief
aims of instructional design are to increase proficiency and efficiency. One example of
an instructional design model can be seen in Figure 3, adapted from Rothwell and
Kazanas (2008). This model shows the process (followed in a clockwise direction) that a
designer should undergo to make a fully functional training program. As Rothwell and
Kazanas note, this model is like a road map versus a strict set of guidelines; not all steps
must be followed to create a quality training program, and the most critical steps will be
highlighted here.
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Figure 3. Instructional Design model showing the steps from development to
completion. Note. Courtesy Dr. Dave Pedersen, content from Rothwell and Kazanas
(2008).

The first step in the development process is the needs assessment. The purpose of
the needs assessment is to identify what the problem is, whom it affects, how it affects
them and how training can help them. This step may also be called a gap analysis,
especially in training situations, because it can identify the gaps between what people
know and what they need to know in order to perform at a specified ideal level. The
needs assessment is crucial in the development process as many of the successive steps
build on its findings (Rothwell & Kazanas, 2008).
Another key step in the development of training is the creation of learning
objectives. Also known as performance objectives, they provide a baseline for the
development of the content because they describe exactly what the learners should know
or be able to do upon completion of training. Three main steps are involved in crafting an
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objective: (a) establishing instructional purpose, (b) classifying learning tasks, and (c)
analyzing learning tasks. Establishing purpose is the reason for the planned instruction,
which may be increasing knowledge, changing attitudes or feelings, building skills, or a
combination of these. Each objective should then be classified according to the type of
instruction needed, i.e., instruction designed for knowledge gain will be much different
from that designed for a feelings change. Lastly, analyzing learning tasks involves
consideration of what learners should or will know before training begins. The more
common way of analyzing this is through learning hierarchies, which allows the designer
to create a flowchart of knowledge and then develop the objectives from the hierarchy.
Upon this thorough analysis, the designer will craft the objectives. Each objective needs
to contain three things: (a) a condition, (b) a performance, and (c) a criterion. These three
things allow the objective to be measurable (Rothwell & Kazanas, 2008).
Performance assessment is the development of assessment materials.
Assessments are not just helpful in building a statistical analysis of what participants
have learned, but they also play a key role in development of materials. As shown in
Figure 3, the performance measures are developed before the content. This is because
performance measures help define what should be taught along with the learning
objectives, as both determine what should be included and what learners should know or
do when finished with instruction (Rothwell & Kazanas, 2008).
Instructional strategies allow the designer to apply the learning objectives to the
content development. Based on the type of learning that is desired by the participant, an
appropriate strategy can be devised. Instructional strategies involve the designer
choosing an appropriate delivery method, choosing the type of instructional approach
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(e.g., deductive exposition vs. guided discovery), and developing an appropriate order of
the events of instruction (e.g., capture the attention of the learner followed by the
introduction of learning objectives) (Rothwell & Kazanas, 2008).
The Roles of Weather Products and Tools
Weather products and tools are crucial in a pilot’s understanding of the
surrounding environment in which he or she is about to fly. These products and tools can
increase situational awareness, reduce pilot workload and help aviators avoid hazardous
weather situations and therefore accidents.
Over the years, many different weather products and tools have been developed to
assist pilots, Air Traffic Control (ATC), and flight dispatchers. For those in the aviation
industry, it is critical that the weather information is timely and accurate and can be easily
deciphered for tactical (short-term) and strategic (long-term) planning. NWS Forecast
Offices issue more than 4,000 weather forecasts and 275 weather products daily
(National Oceanic and Atmospheric Administration (NOAA), 2007). Many of these
products are found on the NWS’ Aviation Weather Center’s Aviation Digital Data
Service (ADDS) website (http://aviationweather.gov/adds). Launched in September
2003, ADDS disseminates critical observations and forecasts to anyone with access to an
Internet connection.
Besides ADDS and the NWS Forecast Offices, aviators have many other product
sources available to them for flight planning. A briefing from a Flight Service Station
(FSS) has several options and is customized to the flight-plan location. A printed version
of the FSS briefing can be obtained from the Direct User Access Terminal System
(DUATS). Airports broadcast their surface observations over the phone (ASOS) as well
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as display them online, and the Telephone Information Briefing Service (TIBS) gives
current and forecast conditions (FAA, 2011).
Despite the advances in product availability for preflight planning, weather
updates in the cockpit for many years were not available. Pilots relied only on the
information that was given or sought in preflight, or views from their cockpit. Pilots
currently can obtain auditory updates from FSS or ATC. The En-Route Flight Advisory
Service (EFAS) or Flight Watch gives pilots timely and pertinent weather advisories. A
continuous broadcast of in-flight weather advisories is available from the Hazardous Inflight Weather Advisory System (HIWAS). For pilots in Alaska, route-oriented data such
as forecast outlooks and winds aloft in a 50nm range of the VHF omnidirectional range
(VOR) are provided via the Transcribed Weather Broadcast (TWEB) (FAA, 2011).
These products are critical to the pilot, but can sometimes become a burden when
they must be deciphered and then plotted onto maps. In the instance of a Significant
Meteorological Advisory (SIGMET), the pilot has to listen to the update, draw the
coordinates of the SIGMET onto a map, and then decide if the advisory will affect the
flight path (FAA, 2011). This in itself is a difficult task, but adding to that, the pilot must
continue to fly the aircraft, talk to ATC or other pilots, and fly through any upcoming
adverse weather while maintaining steady and level flight.
Weather Technology in the Cockpit
In an era of rapidly advancing information and communications technologies,
and because of the extra workload for pilots, it was only natural that the NAS moved
towards receiving textual and graphical updates in the cockpit. These were made
possible through the advent of the glass cockpit. Small Liquid Crystal Display (LCD)
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screens can now be installed into the aircraft’s instrument panel. These screens, called
multi-function displays (MFD), allow the pilot to access a host of products including
navigation information, Temporary Flight Restrictions (TFR), aviation charts, and
weather information (Beringer & Ball, 2004).
Weather Technology In the Cockpit (WTIC) is the name given to a suite of
products that are uplinked to the cockpit in real time. Many of these products have been
around for a number of years; but recently the number, quality, and availability of these
products has exploded throughout the GA community. Vendors such as XM
(http://www.xmwxweather.com) and WSI (http://www.wsi.com/products-aviationcommercial-wsi-pilotbrief.htm) are only a couple of the companies who provide the
subscription services and hardware that allow pilots to access these products.
In the future with NextGen, WTIC is seen to be a part of the “common weather
picture” which will allow all users in the NAS to see the same weather information. In
the case of WTIC, that would mean that the GA pilot would see the same weather
information on the MFD as ATC, FSS, and any other pilots in the system. Decisions
based on this information, would not have to be second-guessed based on the data
latencies of one system versus another, on inconsistencies between different systems
other users may have, or on a lack of information in general. These tools then would
provide a shared and common level of situational awareness and therefore safety (Joint
Planning and Development Office (JPDO), 2010).
However, until the final operating capabilities of NextGen are in place, today’s
pilot must still deal with the issue of unshared situational awareness between ATC, FSS,
and themselves as well as handling hazardous weather conditions. While there is no
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immediate solution to this problem, many pilots choose to use the products and services
provided by WTIC vendors to aid them in their decision making, increase their weather
situational awareness, and hopefully have a safer flight (Beringer & Ball, 2004).
NEXRAD in the Cockpit
NEXRAD is a product in great demand in the cockpit. This is due to two main
reasons: (a) the ability to use it as a now-casting tool, and (b) that NEXRAD is a
graphical product. A now-cast is a forecast for the very short term, from zero to three
hours. This kind of forecasting allows those in industries such as aviation to be better
prepared for the impending weather and make time-critical decisions based on more
accurate and up-to-date information. In a preflight situation, a pilot must make a go/nogo decision in a relatively short amount of time. This decision is based on the current
conditions at the airport as well as forecast conditions for the flight path and the
destination airport. As many GA flights are relatively short, NEXRAD can then be used
for both the conditions at the airport and over the flight path (Knecht, 2008).
In a study by Latorella, Lane, and Garland (2002), pilot participants were
surveyed about their current and future usage of in-flight products. In this case, 25% of
respondents indicated that they would want NEXRAD in the cockpit. This was the third
most popular product behind Convective Activity and Icing products.
It should be no surprise that pilots have a preference for the products they use in a
preflight briefing. Research done by Knecht (2008) defined exactly what pilots’
preferences were for preflight products as well as how long each product was typically
used. With 230 participants, the top five preferred products were: (a) the aviation routine
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weather report (METAR), (b) Terminal Aerodrome Forecast (TAF), (c) Airmen’s
Meteorological Information (AIRMET)/SIGMET, (d) Area Forecast, and (e) NEXRAD.
The fact that NEXRAD is a graphical product makes it easier to decipher and
understand. For pilots, a graphical product means not having to plot the data onto a map,
analyze the data, and then make a decision. Charts are less time-consuming and less
work-intensive. Bright colors that correspond to high precipitation rates on radar images
offer even quicker interpretation of data so that flight-based decisions can be made with
ease and efficiency (Latorella & Chamberlain, 2002a). With these reasons and the everpresent popularity of NEXRAD-based images on weather broadcasts, it was only a matter
of time before vendors created the technology to be able to send NEXRAD images to the
cockpit.
NEXRAD charts are a huge help for pilots when dealing with convective weather
situations. Thunderstorm cells can produce large areas of precipitation falling out of the
cloud as hail, snow, or rain, any of which can be hazardous for aviators. Besides
precipitation, thunderstorms can also produce downbursts, lightning, wind shear, and
turbulence, making thunderstorms the biggest hazard for pilots (FAA, 2011).
The radar is helpful because it can identify areas of precipitation within the
clouds. Many times, radar detects precipitation before any other weather tool, which
means that pilots are more inclined to use it for longer-range planning. NEXRAD also
has a very rapid update rate, which is helpful especially in-flight (FAA, 2011).
NEXRAD is now being uplinked to the cockpit in various forms. Vendors such
as WSI and XM provide packages that include NEXRAD imagery. Users can also get
radar imagery on cellular phones, tablet computers (such as the Apple iPad), notebook
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computers, or electronic flight bags. The vendors are expanding the variety of these
products at an incredible rate (ATSC, 2010). However, the federal regulations on usage
of data-linked products, and the associated educational materials on products like
NEXRAD are severely lacking, such as FAA Advisory Circular AC 00-63 (FAA, 2004).
This means that these new tools are now in a position to potentially cause more harm than
good if the pilot does not have enough education and training to understand the product
properly (Latorella & Chamberlain, 2002a).
NEXRAD and Pilot Training
NEXRAD is an excellent tool that can provide an almost real-time look at the
precipitation in the atmosphere, as well as now-cast where the precipitation will be in the
short term. Its high-resolution data spans the majority of the continental United States.
However, even though NEXRAD represents a significant operational tool for
meteorologists, it is far from a perfect one. Understanding the limitations of the
NEXRAD truly helps the user comprehend what it can and cannot provide. Without the
proper education and training, users can operate under wrong assumptions and put
themselves in unnecessary danger (Beringer & Ball, 2004).
Latorella and Chamberlain (2002a) tested a Graphical Weather Information
System (GWIS) prototype on a group of pilots. The GWIS was eventually to become a
datalink in-cockpit system for pilots to use in-flight. NEXRAD was one of the products
available in the prototype. While most participants considered the radar product to be
useful, there were major problems with the assumptions the pilots made when using the
radar. The age of the data is a critical component in understanding what the data can tell
a user. At a minimum, radar scans are available every five minutes and a typical single-
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cell thunderstorm can last between 30 and 60 minutes (FAA, 2011). When flying, it then
becomes critical that the data is the most up-to-date that is operationally possible.
Working with old data means that pilots have a “skewed” awareness of where cells are
located and their intensities, as well as if convection is dissipating or intensifying. In this
study, 50% of participants did not remember seeing the age of the radar data during the
scenario, and seven of 12 participants did not remember what the longest delay between
radar updates was during their flights. Pilots who did not account for data latencies in the
radar pictures were essentially flying blind or under false assumptions about where and
how intense storm cells may be, which in the real world can lead to hazardous weather
encounters (Latorella & Chamberlain, 2002b).
While data latency and pilots’ assumptions of the quality of old data are
significant issues, a more important matter is tactical versus strategic decision-making
behavior. This concept was discussed briefly, but in the context of radar, it has severe
implications. When using the NEXRAD for tactical decision making, pilots often use the
data to navigate their way around storms or storm systems, below the FAA recommended
distance from a storm (FAA, 2011). Strategic planning with radar involves studying the
radar data to get an overall picture of the planned route of flight, and using it to navigate
around storm systems well in advance of the hazardous weather. Tactical decision
making with data-linked products is highly advised against by the FAA. Several
publications strongly recommend that pilots not use these products for tactical decision
making as they are not accurate or current enough (FAA, 2004; FAA, 2009b; FAA,
2011).
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Even though these guidelines are available to pilots, it seems that many are either
uninformed, or choose not to follow them. This was shown by the participants in the
GWIS study, where in the interview portion, participants revealed that the data was good
enough to “thread the needle with,” or navigate through a very small gap in a storm
(Latorella & Chamberlain 2002a).
This type of attitude was echoed in another study done by Latorella and
Chamberlain (2002b) that explored the relationships between strategic and tactical
products and pilots. Pilots first defined ‘strategic’ and ‘tactical’ and then applied
products to these definitions after their flights. Participants made a great distinction
between the two definitions. Strategic products were identified as weather depictions at
larger map scales, such as a satellite image or a weather depiction chart. Tactical
products were seen as those that provided cell intensities, proximity to weather, and
having weather radar and observations for alternate airports, which specifically points to
NEXRAD-type products. Latorella and Chamberlain (2002b) acknowledged that pilots
need products that help them with tactical decision making, but the appropriate amount of
support from external sources should be available, such as ATC and FSS. They also
noted that, with this implementation should come “the corresponding training ensuring
the appropriate use of this technology” (Latorella & Chamberlain, 2002b, p. 5).
Branching off this research was a study done by Beringer and Ball (2004). This
research looked at how pilots interpret weather conditions along a flight path given
displays with varying resolutions of NEXRAD data. This issue is important because
vendors can produce radar images in a number of different ways. While all of the data
comes from the NWS NEXRAD units, vendors change processing algorithms to tweak
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items in the final product such as colors, scales, and resolution (ATSC, 2010). This study
showed that pilots with a higher resolution data (2 km versus 4 km or 8 km) tended to fly
closer to convective cells than is recommended by the Aeronautical Information Manual
(AIM), which is 20 miles (FAA, 2011). This occurred in 53.2% of cases in this study.
Pilots with the 2-km resolution data also took the longest amount of time to make a
decision at an average of more than 30 minutes. This study shows that, with new
technologies in the cockpit, pilots are willing to take more risks and potentially disregard
standard guidance; thereby putting themselves in dangerous situations.
As has been stated by the NTSB and other researchers, education and training is
believed to be a solution to many of the problems that have been studied, such as not
accounting for data latency or flying tactically versus strategically. In the case of the
latter, a study done by Ball (2008) showed that training is a viable solution to reducing a
pilot’s tendency to fly tactically. This study included 57 pilots who were put into trained
and untrained groups, where the trained group received a 38-slide presentation on the
proper usage of Flight Information Systems Data Link (FISDL) information. Pilots were
specifically told not to use the data tactically and were given some limitations of the
FISDL products. Pilots were then given a scenario and told to maintain Visual Flight
Rules (VFR). As the scenario flight progressed, participants encountered adverse
weather and were required to make a decision. The time it took to make the decision was
recorded as well as the decision itself. The trained group made a decision much faster
than the untrained group, and kept a greater distance between themselves and the
thunderstorm compared to the untrained group. While this study shows that training can
be effective, the author noted that additional training is needed specifically on
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precipitation intensity level and the dangers that are associated with each, and that a more
formal training approach could be useful in truly modifying pilots’ behaviors.
A study done by Knecht, Ball, and Lenz (2010) took 50 pilots and intended to
show that after appropriate training, pilots’ weather knowledge and flight decisionmaking behavior would be improved. The study separated the participants into trained
and untrained groups. The training was video-based and covered a variety of subjects
from aeronautical decision making to visibility conditions. Pilots were then given a
weather-knowledge test, and completed a flight scenario. The effects of the training were
not significant for the weather-knowledge tests or the scenario. The authors concluded
that weather knowledge and flying behavior are too broad to be covered adequately by
two 90-minute videos. It is therefore assumed that appropriate education and training
must be focused on manageable and specific topics.
Summary
The literature review shows that despite numerous advances in technology,
federal regulations and appropriate training are lacking for GA pilots. It is clear from
research done that additional training in weather-related topics is of great importance to
the safety of pilots and the efficiency of the NAS.
Hypotheses
H1: Participants who receive training (hereafter referred to as the experimental
group) will perceive training to be more effective than participants who do
not receive training (hereafter referred to as the control group).
H2: The overall knowledge scores of the experimental group will be higher, after
receiving training, than those of the control group.
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H2a: The radar-based knowledge scores of the experimental group will be
higher, after receiving training, than those of the control group.
H2b: The scenario-based knowledge scores of the experimental group will
be higher, after receiving training, than those of the control group.
H3: The Self-Efficacy scores of the experimental group will be higher, after
receiving training, than those of the control group.
H4: The knowledge-retention scores of the experimental group will be higher,
after receiving training, than those of the control group.
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Chapter III
Methodology
Based on the literature review, education and training is the ideal approach to
address the problem of a lack of pilot knowledge on NEXRAD for use in the cockpit. A
structured approach must be taken to developing this training as good results are only
observed when the training and assessment pieces are developed properly.
Research Approach
The quasi-experiment was set up as a between- and within-subjects design.
Participants were assigned either to the control or experimental group (between-subjects
variable) and took a pre- and a post-test (within-subjects variable). Several dependent
variables existed, including the different measures within the pre- and post-tests, such as
radar knowledge, scenario knowledge, Self-Efficacy, and reactions.
Development of Materials
Needs assessment. To establish that there is a need for training on NEXRAD
products in the cockpit, a three-fold approach was taken beyond the literature review.
First, aviation Internet discussion forums and pilot magazines were scoured for opinions
on NEXRAD. They revealed startling information regarding how pilots feel about using
NEXRAD in the cockpit as well as how they operate and make decisions based on this
technology. They also revealed how much of a severe training deficiency exists. One
example of this is from an aviation forum where the following comment was posted:
Also, they were shutting down the arrival routes on both sides of the state of
Florida. I had radar and a stormscope, but I took a look at the XM weather and
asked if would be okay if I just picked my way through it. ATC said “help
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yourself”! Where XM shows that there is weather, then there is weather. If it
shows a hole, then there is a hole! I made it through with just a few deviations,
had a smooth ride and never even got wet (captainiron, 2007, section 3)!
Next, industry professionals were consulted at national conferences such as the
American Meteorological Society’s (AMS) National Meeting, the National Business
Aviation Association’s (NBAA) Conference, and the Sun-N-Fun Fly-In. These
conversations revealed that training is wanted and needed but very little is being
provided.
Last, guidance was reviewed from the FAA on what knowledge is required of
pilots on radar, including advisory circulars such as the AC 00-45G Aviation Weather
Services (FAA, 2010), practical test standards, and knowledge test banks. Review of
these documents revealed a large gap in requirements for radar knowledge, especially for
in-cockpit usage.
After all of these different arenas were examined it was very clear that the
industry is severely in need of training for pilots on NEXRAD and its use in the cockpit.
Learning objectives. Table 1 shows a list of the developed learning objectives
associated with the module with their related content topics. Learning objectives were
formed using a hierarchical analysis, where each learning objective built on the previous
one. All of the learning objectives fell within the cognitive domain. This means that the
objectives were focused on changing the learner’s knowledge and not his/her attitudes or
building a skill (Rothwell & Kazanas, 2008).
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Table 1
Developed Learning Objectives with their Relative Module Content Topics
Content Topic
Radar Basics
NEXRAD Basics
NEXRAD Specifics/ Limitations

Clear Air vs. Precipitation Mode

Thunderstorms

NEXRAD Products

Decision Making

Learning Objective
Describe the basic principle of how radar works, to
90% accuracy.
Interpret the map of radar sites to identify where
radar coverage is sparse, to 90% accuracy.
Describe the main problem with beam spreading, to
90% accuracy.
Briefly describe the three types of possible refraction
that could occur, to 90% accuracy.
Distinguish between radar reflectivity values and
ATC VIP level classifications, to 90% accuracy.
Describe the difference between clear air and
precipitation mode, to 90% accuracy.
State one example of a volume coverage pattern and
describe how VCPs affect pilots, to 90% accuracy.
Describe the stages of a thunderstorm according to
the National Weather Service’s definitions.
Describe how different types of storms would appear
on radar in accordance with the instruction.
Describe the main problem of the base reflectivity
product, to 90% accuracy.
Describe the main problem of the composite
reflectivity product, to 90% accuracy.
Describe how the base and composite reflectivity
products differ.
Describe how a mosaic is made, to 90% accuracy.
List at least six of eight items on the radar checklist in
accordance with the instruction.

Assessment. There were four elements to the assessment in this quasiexperiment. The three main parts were the pre-test, the post-test, and the post-post-test.
The fourth part was a unique weather scenario in each test, as well as practice scenarios
within the module. Table 2 shows the composition of each test.
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Table 2
Assessment Measures with their Relative Dependent Variables
Measure
Pre-Test

Post-Test

Post-Post-Test

Dependent Variables
Demographics/ Radar experience
Self-Efficacy
General Radar Knowledge
Scenario 1
Reactions
Self-Efficacy
General Radar Knowledge
Scenarios 1 and 2
Scenario 3

Pre-test, post-test, and post-post-test. The pre-test and post-test allowed for a
comparison to be made between the participants’ starting or base knowledge, and the
participants’ knowledge after the main activity. The post-post-test showed how much
learning has been retained after three days with no additional training.
Self-Efficacy. Self-Efficacy is a person’s belief in their ability to do something,
in this case, a participant’s confidence and belief in themselves about using NEXRAD.
Self-Efficacy questions were developed using the personal efficacy beliefs scale model
set forth by Riggs, Warka, Babasa, Betancourt and Hooker (1994). Ten questions were
asked on a 7-point Likert scale where 1 corresponded to ‘strongly disagree’ and 7 meant
‘strongly agree.’ Cronbach’s Alpha indicated that these questions had enough internal
consistency to be analyzed together (α pre-test = .88, α post-test = .89) so an average
score was used for both the pre- and post-tests.
Reactions. Nine questions on participants’ opinions of how they viewed the
seminar and what they learned were given in the reactions section. Questions were asked
on a 7-point Likert scale where 1 was ‘strongly disagree’ and 7 was ‘strongly agree.’
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Cronbach’s Alpha was again used to determine internal consistency, and it was enough
for the questions to be combined into an average score (α = .96).
General radar knowledge. Participants were asked a variety of true/false and
multiple-choice questions on the radar-knowledge test. Subjects included radar
principles, NEXRAD principles, NEXRAD products, thunderstorms, and the radar
checklist given in the module. The questions asked were not identical from the pre-test to
the post-test, however they were very similar and still accomplished all of the same
learning objectives. Participants were given composite scores for the number of correct
answers for both the pre- and post-tests. Total possible points were 32 on the pre-test and
33 on the post-test. An example of the radar-knowledge test can be found in
Appendix D.
Scenarios. The main assessment piece was the scenario, as it allowed the
participant to practice situations that can be encountered in real-life. Five unique
scenarios were developed to take the participant through a preflight and in-flight planning
process and the relevant weather information for both, shown in Table 3. All flights were
given as a VFR flight plan. Given weather information included a surface analysis,
infrared satellite picture, 850hPa and 700hPa wind charts, national and regional radar
mosaics, base and composite radar reflectivity charts from both departure and landing
airports, radar echo tops, METARs, and TAFs. Scenario 1, used in both the pre- and
post-test, can be found in Appendix E.
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Table 3
Description of the Five Different Scenarios Presented to Participants.
Scenario
No.
1

Location

Part of the Country

Pre-Test/PostTest

2

Post-Test

3

Post-Post-Test

4

Module

5

Module

Lake Charles, LA
375 nm, 3
– Montgomery, AL hours 10
minutes
Lansing, MI –
189 nm, 1
hour 45
Oshkosh, WI
minutes
Albuquerque, NM 278 nm, 2
hours 30
– Monahans, TX
minutes
Sioux Falls, SD –
302 nm, 2
hours 30
Burlington, IA
minutes
Atlanta, GA –
284 nm, 2
Jacksonville, FL
hours

Flight Plan

Reason
Grandmother’s
funeral
Won flying
scholarship, must fly
to EAA AirVenture
Picking up friend that
has been serving in
Afghanistan
10-year high school
reunion
Won tickets to the
Super Bowl

The scenarios were developed so that they were applicable to pilots with any
rating. This is true for both the aviation and weather-information considerations.
Aviation considerations included knowledge of aircraft and licensure exemptions; for
example, only those with a Commercial license are able to transport passengers or items
for hire, so this could not be a possible scenario. For weather-information considerations,
all of the weather products chosen were ones that pilots would have seen and worked
with before. All weather information was taken from historical days and kept on its
natural timeline to maintain realism.
There are several steps that the participant undergoes to complete the scenario.
The first questions that follow the weather information were developed to get the
participants thinking about the radar-checklist process that is established in the module,
and evaluate what information each product provides relative to the scenario. The next
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step was to evaluate their willingness on a Likert scale of 1 to 7, to proceed with the
given flight plan or take an alternative step, i.e., deviate, not go, etc. Participants were
then asked to evaluate how helpful each weather product was on a Likert scale of 1 to 7,
and on what their decision was based, i.e., experience, weather information, etc. The last
set of questions assesses knowledge based on the scenario, e.g., whether there were any
non-meteorological echoes present in any of the radar images.
The scenario piece of the assessment provided the opportunity for participants to
practice what they had learned using realistic situations. It also allowed an additional
opportunity for researchers to use scenario-based training and assessment to determine its
feasibility for use in pilot weather education.
Questions that were opinion-based were not calculated in the scenario knowledge
score. All others were combined into a total scenario knowledge score with the
percentage correct. The total points possible were 15 for the pre- and post-tests, and 16
for the post-post-test.
Instructional strategies. This module was delivered in a 2½ hour PowerPoint®
presentation by the researcher. PowerPoint® was chosen as the most effective method of
delivery because it allows for presentation to large groups, it is very visually oriented,
and it engages both the learner and the presenter. PowerPoint® is also a very common
method of delivering academic information. NEXRAD is a graphical product, and using
this method allowed the learners to see the information that NEXRAD produces very
easily.
There were two main instructional approaches to the module: the lecture-based
segment which covered all of the knowledge-based learning objectives, and the scenario-
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based training segment. Because the majority of the learning objectives were in the
cognitive domain, a large portion of the training complemented that type of learning,
hence being lecture-based. The end of the presentation was scenario-based. Two
scenarios were presented to the participants, within the module itself, both similar but
different from those in the assessments. A brief introduction oriented the participants to
the scenario approach, and delivered a radar checklist to be used in the scenarios. The
first scenario was a type of guided discovery where the instructor talked the participants
through the scenario and the radar checklist. Participants were actively engaged through
prompted questions, and were given immediate feedback on their responses. The second
scenario was done through exploratory discovery where participants went through the
scenario and made their decisions independently. The instructor was then able to give
immediate feedback to the participants on their decisions. This two-fold approach in the
training gave the participants the ability to practice and learn in a realistic but nonthreatening environment, and apply the correct principles after instructor feedback.
Content. To keep the attention of learners and help retention of the material, the
content was ‘chunked’ into manageable pieces. In each section, participants viewed the
relevant learning objective, the educational material, quiz questions, and a summary
slide. The module chunks are depicted in the learning objectives chart on the left-hand
side of Table 1. Participants were given an in-module worksheet to complete quiz
questions on their own, which reinforced material, and helped learners stay engaged.
Examples from the module can be found in Appendix C.
Many different sources were combined to create the content including NWS
online weather modules (NWS JetStream, 2010), the Federal Meteorological Handbook
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11 on NEXRAD (Office of the Federal Coordinator for Meteorology (OFCM), 2009), the
NWS Distance Learning and Operations Course on NEXRAD (NWS, Warning Decision
Training Branch, 2010), FAA Advisory Circulars on weather and decision making (FAA,
2004; FAA, 2010), and other publications and books on aviation weather (Lester, 2007).
Based on the content of the modules, an original handout card was developed to
give to participants after the completion of the post-post-test. The card was designed to
fit into participants’ flight bags. The full card can be found in Appendix F.
Participants
Participants were recruited from Embry-Riddle Aeronautical University’s
Daytona Beach, Florida campus during January and February 2011. Recruitment took
place via flyers around campus, an advertisement in the school newspaper, visits to
Applied Meteorology and Aeronautical Science classes, and a mass email to the
Aeronautical Science students. Testing was completed from February to March 2011 and
60 participants completed testing. Participants were paid $50 upon their completion of
all phases of the study. The only requirement for the participants was that they had at
least a private pilot’s license.
Testing Procedure
Upon arrival at the testing site, the participants were asked to check-in to receive
their Informed Consent document, which can be found in Appendix B. After signing the
Informed Consent, participants were randomly assigned a participant number and were
then directed to a room, either for the experimental group or the control group. Both
groups started the quasi-experiment with the pre-test. Participants were given 45 minutes
to complete the pre-test.
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When all the pre-tests were collected, the main activity began. For the control
group, participants watched three weather and aviation films, and were given breaks
between each film. The films Tornado Glory, Weather Hazards: Thunderstorms, Wind
Shear, and Microbursts, and The Deadliest Plane Crash (Cole & Hudson, 2006;
Jeppesen Sanderson, 1990; Schmidt & Hebert, 2006, respectively) were shown. The
experimental group began the training module during this time, and was also given
several breaks during the training. Experimental participants were given a worksheet to
record their answers and these worksheets were collected after the completion of the
module. The main activity was allotted 2½ hours for completion.
The post-test was distributed to participants immediately after completion of the
main activity. Both groups took the post-test, and were given 45 minutes to complete the
test. After the post-test was collected, participants were reminded about returning in
three days for the post-post-test, and were allowed to leave.
Three days after the main activity, participants in both groups were asked to
return for the post-post-test. Participants were allowed 30 minutes for the test. When
finished, participants were given the NEXRAD educational card for their flight bags and
allowed to leave.
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Chapter IV
Results
Participants
A total of 60 participants completed the quasi-experiment. The majority of
participants were male (n = 56, 93.3%) rather than female (n = 4, 6.6%), but this is
typical of Embry-Riddle demographics. Ages of participants ranged from 17 to 33 with a
mean age of 21.2 years (SD = 3.0) and a median of 20 years. Reported mean total of
flight hours was 257.6 (SD = 454.2), which is accounted for by the large range in total
number of flight hours from 68 to 3,500. The median total number of flight hours was
140. Participants’ mean total years flying was 3.0 (SD = 2.7) with a median of 3 years
and a range of zero to 19. All participants had at least a private pilot certificate and 34
pilots reported having an instrument rating. The rest of the pilot certificates and ratings
can be seen in Table 4.

Table 4
Pilot Certificates and Ratings
Certificate/Rating

n

Percentage

Airplane Single Engine Land

40

66.7%

Private Pilots License

38

63.3%

Instrument Rating

34

56.6%

Commercial Pilots License

21

35.0%

Airplane Multiengine Land

15

25.0%

Flight Instructor Certificate

9

15.0%

Airline Transport Pilot License

1

1.7%
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Nine participants noted that they were not residents of the United States. The
vast majority of pilots were trained in an FAA Part 142 environment (n = 45, 75%), while
eight marked a Part 141 environment, and seven marked a Part 61 environment.
Weather and radar experience. Participants provided information on their
experience with academic meteorology courses and radar. The majority of participants
had taken additional academic courses in meteorology outside of their flight training (n =
57, 95%). Of these participants the mean number of hours was 6.6 (SD = 3.1) with a
median of 6 hours. Seven participants noted that they have a meteorology minor, which
is a minimum of 15 credit hours. When asked about their prior experience with safety
seminars, 26 had never attended a seminar before (i.e., this was their first experience), 22
attend seminars once a year, 12 attended several times a year, and zero participants
answered that they attended monthly safety seminars.
Participants gave a mean of 10.8 (SD = 14.9) hours spent in training on radar
only, with a median of 5 hours. Participants were asked about the percentage of time that
they requested a preflight briefing and the mean response was 73.5% (SD = 22.1%) of the
time and a median of 90%. The percentage of time that the participants asked for an
ATC or FSS oral briefing was much lower (M = 40.7%, SD = 36.9%, Mdn = 20.0%).
When asked if participants had used NEXRAD in the cockpit before, 46 responded ‘no,’
and 13 responded ‘yes’ (one did not respond). For those who responded ‘no,’ 91.5% (n =
43) stated that this was due to non-availability and 8.5% (n = 4) stated that they preferred
not to use it. Those who responded ‘yes’ to using NEXRAD in the cockpit previously,
said that they used it in the cockpit an average of 28.2% (SD = 32.9%, Mdn = 10%) of the
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time. Roughly half of those participants that had used it before also said they felt
proficient enough to use it (n = 7, 53.8%).
Analyses
To review, this quasi-experiment was a between- and within-subjects design. The
between-subjects variable was the condition, either the control or experimental group.
The within-subjects variable was the pre- and post-tests. The dependent variables were
the radar-knowledge test, scenario-knowledge test, Self-Efficacy questionnaire and
reactions questionnaire. An intercorrelation matrix of all dependent variables is shown in
Figure 4.
Hypothesis One
Hypothesis one predicted that the experimental group’s perception of training
(reactions scores) would be higher after receiving training than the control group’s
scores. This measure was delivered as part of the post-test. This hypothesis was tested
using an independent samples t-test. The mean for the experimental group was 6.5 (SD =
.4). The mean for the control group was 3.2 (SD = 1.3). These means did differ
significantly where t (58) = 13.1, p < .000. Thus, the experimental group reacted much
more positively than the control group about the training.
Hypotheses Two and Three
Hypothesis two predicted that overall knowledge of participants in the
experimental group would be higher after receiving training than before the training and
also higher than the control group’s knowledge after the control activity. Overall
knowledge was divided into two sub-hypotheses, which were for the radar-knowledge
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Measure

1

1. A- SE

1

2. A-R&S

-0.05

1

3. A-R

0.16

1

4. A-S

-0.16

0.74
**
0.92
**
-0.15

0.40
**
0.03

1
-0.23

1

0.48
**
0.47
**
0.34
**
0.54
**
0.30
*
0.52
**

0.34
**
0.31
*
0.29
*
0.33
*
0.17

0.45
**
0.45
**
0.29
*
0.54
**
0.30
*
0.5
**

-0.58
**
-0.56
**
-0.53
**
-0.53
**
-0.35
**
-0.48
**

5. B-SE

0.63
**
6. B-R&S1 -0.18
7. B-R&S2 -0.22
8. B-R

-0.12

9. B-S1

-0.21

10. B-S2

-0.21

11. C-S3

-0.21

2

3

0.33
*

4

5

6

7

8

9

10

11

1
0.94
**
0.91
**
0.92
**
0.54
**
0.80
**

1
0.81
**
0.90
**
0.80
**
0.82
**

1
0.67
**
0.38
**
0.64
**

1
0.6
**
0.82
**

1
0.69
**

1

Figure 4. Intercorrelation matrix of all dependent variables. Note. A=pre-test, B=posttest, C=post-post-test, R=radar knowledge test, S1, S2, S3=scenario knowledge tests 1-3,
SE=Self-Efficacy.
*p ≤ .05. **p ≤ .01.

test and the scenario-knowledge (scenario one only) test. Hypothesis three predicted that
the experimental group would have better Self-Efficacy scores after receiving training
than before training and also higher than the control group’s Self-Efficacy after the
control activity. To test these hypotheses, a 2 X 2 between- and within-subjects
multivariate analysis of variance (MANOVA) was performed on three dependent
variables: radar knowledge, scenario knowledge, and Self-Efficacy. The between factor
was condition (either experimental or control) and the within factor was period (either
pre-test or post-test).
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Main effects. SPSS MANOVA was used for the following analyses using the
General Linear Model with Repeated Measures. All subsequent univariate results
reported are Greenhouse-Geisser statistic. The Wilk’s Lambda showed that both of the
main effects were significant. Beginning with the main effect for condition, Wilk’s
Lambda was significant where F (3, 56) = 26.0, p < .000. The univariate test showed a
significant effect of condition on radar knowledge, where F (1, 58) = 46.3, p < .000, η2 =
.4. As can be seen in Table 5, the experimental group had higher scores on the radarknowledge test than the control group. The effect-size measure, partial eta-squared,
indicated that roughly 40% of the variance in radar knowledge was associated with the
condition (training vs. control). The univariate test showed a significant effect of
condition on scenario knowledge where F (1, 58) = 15.7, p < .000, η2 = .2. As can be
seen in Table 5, the experimental group had higher scores on the scenario-knowledge test
than the control group. Partial eta-squared indicated that 20% of the variance in scenario
knowledge was associated with the condition (training vs. control). The univariate test
showed a significant effect of condition on Self-Efficacy where F (1, 58) = 20.9, p <
.000, η2 = .3. As can be seen in Table 5, the experimental group had better scores on
Self-Efficacy than the control group. Partial eta-squared indicated that 30% of the
variance in Self-Efficacy was associated with condition (training vs. control).
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Table 5
Means and Standard Deviations of Performance Data for Pre-Test and Post-Test
Measures
Conditio
Exp.
2
Control
Total
Scenario Exp.
2
Know.
Control
Total
Self Exp.
3
Efficacy Control
Total
Note. n = 30 in each group.
Hyp.

Measure
Radar
Know.

InterEffect Power
Pre-Test
Post-Test
2
action
66.2 (8.1)
79.8 (7.6)
65.0 (8.8)
55.7 (9.8) p<.000
.6
1.0
65.6 (8.4)
67.7 (15.0)
62.0 (13.8)
75.8 (10.7)
57.1 (14.7)
56.9 (13.2) p<.000
.3
.9
59.6 (14.4)
66.3 (15.3)
3.8 (0.9)
2.9 (0.7)
4.5 (1.2)
4.4 (1.1) p<.000
.1
.9
4.2 (1.2)
3.7 (1.2)

Next, the Wilk’s Lambda showed that the main effect for period (pre-test and
post-test) was significant where F (3, 56) = 9.3, p < .000, η2 = .3. The univariate test did
not show a significant effect of period on radar knowledge where F (1, 58) = 3.1, p = .08.
The univariate test did show a significant effect of period on scenario knowledge, where
F (1, 58) = 17.5, p < .000, η2 = .2. As seen in Table 5, scenario knowledge was higher in
the post-test than in the pre-test. Twenty percent of the variability in scenario knowledge
can be explained by the pre- vs. post-test variable. The univariate also showed a
significant effect for Self-Efficacy, where F (1, 58) = 15.4, p < .000, η2 = .2. As seen in
Table 5, Self-Efficacy improved from pre-test to post-test. Twenty percent of the
variability in Self-Efficacy can be explained by the pre- vs. post-test variable.
Interaction effects. The use of the Wilk’s Lambda showed that the interaction
was significant F (3, 56) = 32.0, p < .000. The interaction effects can be seen in Table 6.
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Table 6
Effect of Interaction and the Interaction on Dependent Variables

Multivariate
Radar Knowledge
Scenario Knowledge
Self-Efficacy

Wilk’s
.4

F
32.0
88.9
18.8
9.6

p
<.000
<.000
<.000
.003

η2
.6
.6
.3
.1

Power
1.0
1.0
.9
.9

Radar knowledge test. Results of the univariate tests showed a significant
interaction effect on radar knowledge where F (1, 58) = 88.9, p < .000, η2 = .6. Partial
eta-squared suggested that roughly 60% of the variance in radar knowledge was due to
the interaction effect. As can be seen in Table 5, the participants in the experimental
group scored higher on the radar knowledge test in the post-test than in the pre-test.
Participants in the control group scored lower in the post-test than in the pre-test, also
shown in Figure 5. Furthermore, participants in the experimental group had higher posttest scores than did participants in the control group, but they were also slightly higher in
the pre-test as well.
Because the interaction was significant, simple effects tests were performed to
further inspect the difference between the means. For the radar-knowledge test,
differences between the pre-test and post-test were significant by both the experimental
group F (1, 58) = 62.7, p < .000 and control groups F (1, 58) = 29.4, p < .000.

41

90

Radar Knowledge Scores
Pre-Test to Post-Test
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40
30
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0
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Post-Test

Figure 5. Participant’s scores in the experimental and control groups on the radar
knowledge test from pre-test to the post-test.

Finally, a t-test with a Bonferroni correction was used to examine whether the
experimental group’s pre-test radar knowledge mean differed significantly from the
control group’s pre-test radar knowledge mean. There was no significant difference, t
(58) = .5, p = .6. An additional t-test indicated the post-test means were significantly
different t (58) = 10.7, p < .000.
Scenario knowledge test. Results of the univariate tests showed a significant
interaction effect on scenario knowledge F (1, 58) = 18.8, p < .000, η2 = .3. Partial etasquared suggested that roughly 30% of the variance in scenario knowledge was due to the
interaction effect. As can be seen in Table 5, the participants in the experimental group
scored higher on the scenario-knowledge test in the post-test than in the pre-test.
Participants in the control group scored about the same in the post-test as in the pre-test.
Furthermore, participants in the experimental group had higher post-test scores than did
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participants in the control group, but they were also slightly higher in the pre-test as well,
which can also be seen in Figure 6.

Scenario Knowledge Scores
Pre-Test to Post-Test
80
70
60
50
40
30
20
10
0

Exp.
Control

Pre-Test

Post-Test

Figure 6. Participant’s scores in the experimental and control groups on the scenarioknowledge test from pre-test to the post-test.

Because the interaction was significant, simple effects tests were performed to
further inspect the difference between the means. For the scenario-knowledge test,
differences between the pre-test and post-test were significant only for the experimental
group F (1, 58) = 36.3, p < .000. The control group was not significant between pre- and
post-tests, F (1, 58) =.01, p = .91.
Finally, a t-test with a Bonferroni correction was used to examine whether the
experimental group’s pre-test scenario knowledge mean differed significantly from the
control group’s pre-test scenario knowledge mean. There was no significant difference, t
(58) = 1.3, p = .2. An additional t-test indicated the post-test means were significantly
different t (58) = -6.1, p < .000.
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Self-Efficacy questionnaire. Results of the univariate tests showed a significant
interaction effect on Self-Efficacy F (1, 58) = 9.6, p = .003, η2 = .1. Partial eta-squared
suggested that roughly 10% of the variance in Self-Efficacy questionnaire was due to the
interaction effect. As can be seen in Table 5, the experimental group’s scores in the posttest versus the pre-test were lower than the control group’s scores (in this case lower
indicates more confidence). Participants in the control group scored about the same in
the post-test as in the pre-test. Furthermore, participants in the experimental group had
lower post-test scores than did participants in the control group, but they were also
slightly lower in the pre-test as well.
Because the interaction was significant, simple effects tests were performed to
further inspect the difference between the means. For the Self-Efficacy questionnaire,
differences between the pre-test and post-test were significant for the experimental group
F (1, 58) = 24.7, p < .000. The control group’s scores were not significant between preand post-tests, F (1, 58) =.3, p = .56.
Finally, a t-test with a Bonferroni correction was used to examine whether the
experimental group’s pre-test Self-Efficacy mean differed significantly from the control
group’s pre-test Self-Efficacy mean. There was a significant difference, t (58) = -2.4, p =
.02, indicating that the control group was significantly less confident in the pre-test than
the experimental group. An additional t-test indicated the post-test means were also
significantly different t (58) = 6.1, p < .000.
Scenario two. Scenario two was only given as a part of the post-test. To
determine if the differences were significant between the control and experimental
groups’ means for scenario two, an independent samples t-test was performed. The mean
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for the experimental group was 70.1(SD = 16.5). The mean for the control group was
57.1(SD = 12.5). These means did differ significantly where t (58) = 3.4, p = .001. Thus,
the experimental group did significantly better than the control group on post-test
scenario two.
Hypothesis Four
Hypothesis four predicted that the knowledge-retention scores of the experimental
group would be higher than the scores of the control group. This was done through the
post-post-test with scenario three. This hypothesis was tested using an independent
samples t-test. The mean for the experimental group was 74.7(SD = 10.6). The mean for
the control group was 59.1(SD = 14.9). These means did differ significantly where t(55)
= 4.6, p < .000. Thus, the experimental group did significantly better than the control
group on the post-post-test.
Scenario Opinion-Based Questions
The results of opinion-based questions on the scenario tests were not part of a
hypothesis, but may be helpful in showing additional results about participants’ attitudes
during preflight and in-flight planning processes. Several questions were asked in the
scenarios to evaluate how a participant’s decision to proceed with a flight was made (i.e.,
go/no-go, deviate, make an emergency landing, etc.). Three main opinion-based
questions will be discussed.
After the primary flight decision was made, participants were asked how helpful
each of the following factors were on making their decision: (a) first-hand experience, (b)
second-hand experience, (c) external pressures, (d) purely the weather information given,
and (e) personal weather minimums. Participants were asked to rate each factor using a
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7-point Likert scale where 1 was ‘not at all based on’ and 7 was ‘completely based on.’
The results suggest that participants were relying on the given weather information and
their own weather minimums to make decisions rather than on experience or pressures of
the scenario. An abbreviated version of the results is found in Table 7. The full results
from this question can be found in Appendix G.
Participants were then asked a question about how helpful each product was in
making the decision to proceed with the flight in the scenario. Results showed that
participants preferred the radar and the TAF in almost all situations. The full results can
be found in Appendix H.
Besides the products given, participants were asked if there were any additional
product(s) that would have been helpful in making the primary flight decision.
Participants were given the choice of nine products: (a) FSS Brief, (b) SIGMET/
AIRMET, (c) Icing Forecast, (d) Turbulence Forecast; (e) Area Forecast, (f) Additional
METAR/TAF stations, (g) Convective Watches, (h) PIREPs, and (i) NOTAM/TFR. The
top three products that participants wanted in addition to those given were the Area
Forecast, an FSS brief, and SIGMETs and AIRMETs. The full results can be found in
Appendix I.
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Table 7
Abbreviated Results from Opinion-Based Question on What Factors Were Important
in Making the Scenario Flight Decision
Measure
Pre-Test

Condition
Experimental

Part of
Preflight

In-flight

Control

Preflight

In-flight

Post-Test

Experimental

Preflight

In-flight

Control

Preflight

In-flight

Response
Experience
External
pressures
Weather
Experience
External
pressures
Weather
Experience
External
pressures
Weather
Experience
External
pressures
Weather
Experience
External
pressures
Weather
Experience
External
pressures
Weather
Experience
External
pressures
Weather
Experience
External
pressures
Weather

Scenario
3.35
3.20
5.24
3.75
3.07
5.24
3.50
4.07
5.07
3.37
3.70
5.42
3.59
2.80
5.39
3.35
2.76
5.47
3.35
3.60
5.37
3.50
3.53
5.35

Scenario 2

3.34
2.97
5.48
3.37
3.03
5.61
3.14
3.00
5.39
3.35
3.20
5.25
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Chapter V
Discussion, Conclusions, and Recommendations
The purpose of this study was to examine if a focused WTIC education and
training module developed from scratch using instructional systems design criteria would
be effective for GA pilots. The results supported the assertion that a small, focused
amount of weather training has great potential in helping pilots to learn complex
technology and apply it in a scenario-based testing environment to make safer decisions.
Discussion
Knowledge. It was shown that participants who received training scored better
on both the radar-knowledge test and the scenario-knowledge test, compared to their
scores on the pre-test, as well as in comparison to the control group who did not receive
training. These results indicated that focused weather training was effective, but also that
participants were able to apply their knowledge on scenario-based questions.
Furthermore, participants not only did well applying knowledge learned in the post-test
scenario, but also did well in a retention scenario three days later. This application of
knowledge is a key to being successful in future, actual flight situations.
Encouragingly, the results of the retention test showed a significant difference
between the control and experimental groups. While the retention test did not include a
radar-knowledge portion, it is likely that the scenario-based piece was the more important
section when compared to real-world applications. Future research should examine
participants’ weather-knowledge retention farther out in time from the training (e.g.,
weeks or months later).

48

The high accuracy rates aimed for in the learning objectives (e.g., 90% accuracy)
were not achieved by all participants. While some participants in the experimental group
did achieve this level, the average score was much lower (radar knowledge-79.8% and
scenario knowledge-75.8%), indicating that many of the participants did not achieve a
90% level. This result is not an indication that the training was a failure for those
participants; rather it may indicate that some of the questions were too difficult. An item
analysis would provide a detailed assessment of individual question effectiveness and
could identify questions that could not discriminate between overall high-scoring and
low-scoring participants.
Self-Efficacy. Participants who received training also scored better on the SelfEfficacy questionnaire in the post-test than those in the control group, as well as
increased their Self-Efficacy from pre-test to post-test. In this study, the Self-Efficacy
questionnaire assessed the individuals’ beliefs in their respective abilities to succeed in
using NEXRAD. These results indicated that the participants who received the training
increased their confidence in their weather-radar related skills. Interestingly, and
although random assignment to each group was used, the control group was less
confident from the start than was the experimental group. The control group, however,
stayed at the same level of Self-Efficacy from pre- to post-test, while the experimental
group gained Self-Efficacy after training. Participants with high Self-Efficacy scores will
be more likely to use the NEXRAD technology more often than they had previously,
because they are more confident that they can use it successfully. This was a promising
result, as NEXRAD could be a powerful tool to aid decision making in the cockpit,
especially after proper training.
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Reactions. The effect of training was clearly shown in the reactions
questionnaire. The experimental group reacted much more favorably to the quasiexperiment than did the control group. This was expected, as the control group did not
receive training. While a positive learner reaction to training is not essential for learning
to occur, it is generally desirable for the learners to enjoy the learning process.
Furthermore, in the case of optional training, a course with positive reviews from past
participants could motivate additional pilots to take the course.
One specific result from the reactions questionnaire was the participants’ opinion
on whether recurrent safety training is important. Overall the average for this question
was 6 out of 7 between both experimental and control groups. This indicated that
participants felt that safety training is important and that they may be more willing to
attend safety training seminars in the future.
Weather and radar experience. An unexpected result from the radar-experience
questionnaire was about preflight weather briefings. When asked how often participants
got a preflight weather briefing an average response of 73% was given. This result was
unexpected as preflight weather briefings are highly recommended for all pilots (FAA,
1999). It may be that the wording of the question skewed the results. For example, the
use of ‘get’ or ‘do’ may imply different things. The question was written, “How often
(percentage) do you get a pre-flight weather briefing?” Participants may have thought
this meant participants had to ask for a briefing from FSS versus obtaining a weather
briefing themselves (i.e., on the Internet). In either case, the median for this question was
90% of the time, which suggests that the majority of participants do perform or receive a
weather briefing.
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When asked about participants’ experience with safety seminars, 43% had never
attended a briefing before and 37% had attended a briefing once a year. These results
were a little higher than data from Hunter’s (1997) study, which showed that 31% had
never attended a safety briefing before, and 29% attended once a year. The results in the
present study may be attributed to the small size of this sample (60) in comparison to
Hunter’s data set which was 5,493 pilots. The increased number of first-time attendees
and those attending at least once a year may also be a result of the hard work that many
groups have put into marketing safety in the GA community through various programs
such as FAA’s WINGS Program (https://www.faasafety.gov/wings/pppinfo/).
The fact that many of the participants had additional meteorology courses outside
of their training for their licenses, 95%, is attributed to the setting of the study, completed
in an FAA Part 142 facility. Embry-Riddle Aeronautical University not only trains a
large number of the country’s pilots, it also has an established but growing program in
Applied Meteorology. Students have the option of acquiring an Applied Meteorology
minor; indeed 7 of 60 reported having an Applied Meteorology minor, and many
participants were well on their way to meeting the requirements at a later time.
The fact the participants reported over 10 hours of training with radar was also an
unexpected result. This number seemed to be highly inflated as students in the private
pilot certification course had 35 hours of ground school, and spending 10 hours of this
time on radar training alone was not feasible. Burian and Feldman (2009) reported that
flight instructors only spent from 10-12 hours on weather training, again indicating that
the number of hours reported by participants was much too high. This may have been a
result of the wording of the question or confusion by participants on the meaning. There
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were many participants who did not know what NEXRAD was from the beginning and
may have just estimated the number of hours, based on what they thought the researchers
wanted and not their true experience. This also may have been a result of confusion in
terminology as participants sometimes received training on how to operate an MFD, and
they may have used radar and MFD interchangeably.
Scenario opinion-based questions. The responses from the scenario-based
questions offered varying conclusions. The first question, which asked about the factors
most influential to the primary flight decision, revealed that the weather information
given in the scenario and participants’ weather minimums were the top factors. This is an
encouraging result because participants were evaluating the weather information for
themselves and then applied it to make a decision with their own minimums in mind.
This was exactly the thinking process recommended. Their decision was not as much
based on what they heard through a “grapevine” or what they had previously flown
through, which can be more dangerous. A similar weather situation may be applicable a
second time, but that should not be a significant weight in the decision. The results also
showed that the scenarios in this quasi-experiment were prepared correctly as the
situation itself did not influence a participant’s decision. The situation was realistic, but
not the main consideration.
Responses from the second question, which asked about the products that were
helpful in making the decision, revealed that participants viewed radar as the most helpful
product. This may or may not be an important result as the training was on radar, and
there were more images of radar than of any other product; this may have influenced
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responses. The TAF was second and this was consistent with what pilots generally chose
as their preferred product (e.g., Knecht, 2008).
The last opinion-based question was on the product(s) that participants wanted in
addition to those given in the scenario. In this question, more of the participants felt that
the addition of a briefing from FSS and an Area Forecast would have been helpful. The
least selected product was an icing forecast product, since the scenarios were mainly
based in convective weather versus winter weather situations. These were also
encouraging results because both the FSS briefing and the Area Forecast provide a
generous amount of weather information and can greatly help with situational awareness,
both in preflight decisions and in-flight.
Limitations. Several limitations existed in this study. The main limitation was
the sample of pilots studied. Sixty is a small sample compared to the total number of GA
pilots in the U.S. The sample was also very limited with regard to age, number of years
of flight experience, and number of flight hours. This may have affected how much the
results of this study could be applicable to the larger population of GA pilots. Having
said this, one positive outcome from this study was that the majority of this young, small,
fairly inexperienced sample of pilots was trained in an FAA Part 142 environment.
Curriculum is much more stringent in these facilities, and many participants had received
additional academic meteorological training. Since the study results from this sample
were positive, it might be inferred that pilots with less weather knowledge would benefit
from additional weather training of the type conducted in this study.
The other main limitation lay within the development of the materials. While
every precaution was taken during the development, including beta testing, it was
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impossible to know every interpretation of questions that a participant may have had.
These different interpretations may have caused errors in the results, especially with
opinion-based questions.
Recommendations
Based on the results of this study and the subsequent discussion, the following
items are presented as recommendations for changes within the industry.
FAA advisory circulars. While the FAA Advisory Circulars (AC) currently in
print can provide a wealth of information to those who read them, the weather-related
ACs are shockingly out-of-date. Besides the AC 00-45G, Aviation Weather Sources,
(FAA, 2010) which was updated in 2010, the rest of the weather-related ACs should be
updated. Currently, there are eight advisory circulars dealing with some aspect of
weather, and their publication dates and numbers of years since publication are listed in
Table 8. From Table 8 it can be seen that the average “age” of these publications is 16.5
years. If one removes AC 00-45G from the list, the average age increases to 18.7 years.
The science of meteorology has changed dramatically from 1975 to 2011. These
changes, such as improved understanding of convective weather, the advent of
sophisticated, graphically-based aviation weather products, and the plethora of available
product sources should be better communicated to the aviation community.
The problem with advisory circulars is not just their age. These documents are
disorganized and not user-friendly. For example, turbulence and wind shear could easily
be a part of the Aviation Weather document, as they are weather hazards; but they are
separate. The number one cause of GA weather-related accidents that has been
documented for many years, is VFR into Instrument Meteorological Conditions (IMC)
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Table 8
FAA Advisory Circulars and their Relative Titles, Year Published, and “Age” of the
Publication.
AC
Number
00-6A
00-24B
00-54
00-54
00-57
00-62
00-63
00-45G

Title
Aviation Weather
Thunderstorms
Pilot Windshear Guide
Atmospheric Turbulence Avoidance
Hazardous Mountain Winds and their
Visual Indicators
Internet Communications of Aviation
Weather and NOTAMS
Use of Cockpit Displays and Digital
Weather and Operational Information
Aviation Weather Services

Year
Published
1975
1983
1988
1997
1997

Years Since
Publication
36
28
23
14
14

2002

9

2004

7

2010

1

(AOPA, 2010); yet there is no AC on this topic. In the specific case of NEXRAD, the
subject of this study, products are rapidly growing and demand for them is expanding as
well; but the documentation on NEXRAD and its products, as well as its limitations and
proper usage, is very sparse. A significant revision and reorganization of weather-related
ACs is imperative to educate and train today’s pilots properly, and prevent them from
becoming part of the accident statistics.
Practical test standards and certification. It is clear from the results of this
study that pilots can and do benefit from a well-designed and focused training program in
specific areas of weather-related knowledge. It has also been shown that pilots were able
to perform well on weather-related scenario-based questions. Therefore, it is highly
recommended that the practical test standards and knowledge test banks be updated to
reflect an increased number of questions on weather knowledge, including scenario-based
questions. Currently pilots can answer all meteorological questions incorrectly on a
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knowledge test and still pass. It is recommended that pilots should correctly answer a
required minimum number of weather-related questions to pass the test, and that these
questions should adequately cover portions of aviation meteorology critical to safe and
effective aeronautical decision-making. This recommendation is consistent with that of
NTSB (2005).
The Code of Federal Regulations (CFR) for the Private Pilot Certification course
states that the pilot must obtain weather reports and forecast information for preflight
action, as well as procure and use aeronautical weather reports and forecasts (FAA,
1997). This is somewhat vague guidance, considering the negative implications that
come from a pilot being underprepared. The FAA needs to do a better job of articulating
this danger by appropriately rewriting the CFRs. Pilots should be required to have
training on the proper usage and limitations of weather analyses and forecasts.
Admittedly pilots cannot learn about the limitations of every available weather product.
If information about how products are constructed, as well as their limitations, is added to
ACs and the AIM, it would limit the amount of material that would need to be
consistently taught. However, some products, especially those that are being used to
make tactical decisions, should have requirements for additional training given by
instructors on how they are produced, proper usage, product limitations, and how to make
decisions properly based on the product’s information—much like what was done in this
study.
The content of the FAA test questions banks also needs to be updated. If there are
ACs on critical topics such as thunderstorms, the material from these documents should
be tested. Wiegmann, Talleur, and Johnson (2008) showed that there are several
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weather-related ACs that contribute no materials to the knowledge test banks
(Aeronautical Decision Making, Thunderstorms, etc.). If pilots are expected to read,
understand and apply what is contained within these documents, they should be tested on
this material. It is recommended that the test banks be updated to test pilots on the
important information contained within the weather-related documents.
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Informed Consent Document
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I understand that I will be participating in a study called Weather Decision Making in the
Cockpit. This study is funded by the Center for General Aviation Research which is governed by
the Federal Aviation Administration (FAA).
Nature and Purpose
The purpose of this study is to examine how pilots use weather tools to make decisions in the
cockpit. Participants will fill out a variety of questionnaires about weather and weather
technology tools. They will watch a video or listen to a lecture from a live instructor. They will
also participate in several paper and pencil flight scenarios. The entirety of the study will be
approximately four hours. Participants will be asked to return three days later to complete an
additional paper and pencil flight scenario, which will take approximately 30 minutes. There are
no eligibility requirements. Though the study is geared towards pilots, any person may
participate. If the participant is not a pilot, they will complete the study like everyone else.
Benefits
The main benefit to me will be a gain in knowledge about tools that can help me in the future
with flying. The other benefit will be the knowledge that I have participated in a study that will
help improve our understanding of pilot knowledge regarding usage of weather tools, in order to
help the FAA make more training products for aviators to prevent future accidents. I understand
that I will be paid $50 for my participation in this study, however if I choose to withdraw at any
point from the study, I will not be given partial payment. I understand that I will receive payment
only if I complete all sections of the study.
Risks
Participants should not experience any discomfort or risk during the study.
Confidentiality and Anonymity
Participants are guaranteed confidentiality and anonymity. Your name will not be on any
questionnaires and only members of the research team will have access to the questionnaires.
Your name will not be published in any of the results.
For more information about the study and the results, please contact the principal investigator,
Erin Roberts at roberc26@my.erau.edu, or the faculty advisor and co-principal investigator, Dr.
John Lanicci at lanic00f@erau.edu or (386) 226-6856.
I have had the opportunity to ask additional questions about the nature of the study, and I
understand what will be asked of me. I understand that I am free to withdraw at any time and to
discontinue participation in the study without prejudice to me. Finally, I acknowledge that I have
read and fully understand the consent form. I sign it freely and voluntarily. If I choose, a copy
will be provided to me.
Name (please print): ______________________________
(Participant)

Signed: __________________________________________
(Participant)
Signed: __________________________________________
(Researcher)

Date: _____________
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Appendix C
Sample Module Slides
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Sample Learning Material

The Radar Beam
• It is a narrow conical shaped beam
• Maximum power lies along the centerline
of the beam and decreases outward
• The beam width is 1°
• Beam propagates at the speed of light

Image credit NOAA

So what is the difference?

Base

Composite
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Severe and “severe”
• Every storm can
be severe for
aviators
• A lack of a watch
or warning does
not mean the
weather is safe
• Even clouds can
be dangerous and
disorienting
• 20 mile separation

Photo credit NOAA

Preflight Tips
• Weather preflight briefings are essential
• Questions:
– Where did the product come from?
– When was the product made/valid?
– What else is available?

• Radar available from
http://radar.weather.gov/
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Sample Quiz Slides

Quiz Time!
The radar emits a pulse of ____________
energy.
– A. Kinetic
– B. Electromagnetic
– C. Sound
– D. Child-like
– E. Sine wave

Quiz Time!
A reflectivity of 60 dBZ would indicate which
of the following?
– A. Hail
– B. The apocalypse
– C. Light rain
– D. Tornadoes
– E. A downburst

How would ATC
classify this
reflectivity?

Extreme
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Sample Scenario Slides

Scenario A-Preflight
• You have just received your pilot’s license
and you have been doing a lot of flying lately!
• Your 10 year high school reunion is tomorrow
• You decide that you would impress your class
more if you flew instead of drove
• The welcome reception for Burlington
Community High School’s class of 2000
starts at 7 p.m. You currently live in Sioux
Falls, S.D.
• You will charter a Cessna 182 and fly VFR
from KFSD to KBRL.

Item 2
Did you check multiple NEXRAD locations?
• Is looking at a single radar station
adequate for in the prevalent weather
conditions along your route of flight?
-Takeoff airport conditions
-En route conditions
-Landing airport conditions
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Appendix D
Radar Knowledge Test (Pre-Test Version)
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The following will assess your current knowledge of radar basics, NEXRAD basics,
thunderstorm basics, NEXRAD products and decision making. Please answer honestly
and to the best of your ability.
1. The radar emits a pulse of _______________ energy.
a. Electromagnetic
b. Radioactive
c. Kinetic
d. Gravitational
2. Based on the following map, identify one state that has sparse radar coverage.
________________________

3. If the width of the radar beam expands at 1000 ft per 10 miles, how wide is the
beam at 40 miles from the radar?

4. Ducting is a type of _________.
a. Subrefraction
b. Superrefraction
c. Anomalous propagation
d. False echo
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5. Complete the following table:
ATC Term
Echo Intensity
Level
Light
1

Reflectivity
18-29

Heavy
3-4
Extreme
>50
6. There are two modes the radar operates in, they are…
a.
b.
c.
d.

Category 1 and 2.
Clear air and precipitation.
Heavy and light.
The radar only has one mode.

7. Is the following picture an example of a clear air mode VCP or a precipitation
mode VCP?

a. Clear Air mode
b. Precipitation mode
8. The stages of a thunderstorm in order are:
a.
b.
c.
d.

Cumulus, mature, and dissipating
Mature, cumulus, dissipating
Cumulus, Cumulonimbus, Supercell
Light rain, heavy rain, tornadic
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9. The thunderstorms in this image are most likely the result of what type of
thunderstorm?
a. Airmass/ Single cell
b. Multicell
c. Squall Line
d. Supercell

10. True or False: The composite reflectivity image is available quicker than the base
reflectivity image.
11. _________ reflectivity displays the maximum reflectivity points in the volume
scan.
a. Base
b. Composite
c. VCP
d. VIL
12. True or False: With the exception of the elevation angle, base and composite
reflectivity are the same images.
13. True or False: The mosaic displays the average reflectivity from the radar data.
14. Which of the following is the least relevant for a preflight radar checklist?
a. Check echo tops
b. Check looped images
c. Check multiple radar locations
d. Check 1 hour storm precipitation
15. True or False: The energy that is sent from the radar does not come back.
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16. Sparse radar coverage would indicate that you have _________ coverage
a. Enough.
b. Not enough.
17. True or False: Beam spreading produces a decrease in resolution.
18. Subrefraction occurs when the beam shoots _______________ than normal.
a. Higher
b. Lower
19. An echo intensity level of 2 would indicate what ATC term?
a. Light
b. Moderate
c. Severe
d. Heavy
20. True or False: Precipitation mode is used because it is slower to allow for the
radar to see a lot of detail.
21. Which of the following is NOT a Clear Air Mode VCP?
a. 31
b. 12
c. 32
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22. The following image is an example of what stage of a thunderstorm?
a. Towering Cumulus
b. Cumulonimbus
c. Mature
d. Dissipating

23. What is NOT an indicator of a multicell thunderstorm on radar?
a. a long line of storms
b. multiple cells
c. a large reflectivity gradient
d. storms moving in the same general direction
24. The main limitation of the base reflectivity product is
a. It is slower to produce than composite reflectivity.
b. It only displays the bottom elevation angle.
c. It only displays the top elevation angle.
d. It does not give an accurate picture of larger scale features like hook or
bow echoes.
25. True or False: Composite reflectivity is not a volume scan product.
26. Which of the following is correct about base and composite reflectivity?
a. Base and composite reflectivity only differ by their time stamps.
b. Base and composite reflectivity are the same except the color schemes
are different.
c. Base and composite reflectivity differ in color scheme, time stamps, and
the amount of time it takes for a product to be available.
d. Base and composite reflectivity differ in the way the data is displayed
because they measure different parts of the atmosphere.
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27. To make a mosaic the data comes from:
a. Vendors like XM
b. VIL
c. Radar Combined Message
d. Radar Coded Message

28. Which of the following is the most appropriate in a preflight radar checklist?
a. Check only base reflectivity
b. Check only composite reflectivity
c. Check both base and composite
d. Check neither base or composite
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Appendix E
Scenario 1 Knowledge Test (From Pre-Test and Post-Test)
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Scenario Directions
The following is a scenario to examine your overall knowledge of radar and NEXRAD and
your ability to apply this knowledge and make a safe decision. We understand that a paper and
pencil test is not the most realistic scenario however a large effort has been made to ensure
realism in every other way possible. That said please answer the questions as honestly and
realistically as possible, keeping in mind that your name and answers will be kept confidential.
There are two parts to the scenario, a pre-flight portion and in-flight portion. Please
read through the scenario, and look over the given information. Each scenario will have one
decision, with a series of questions following the decision. You can look back at information at
any time while answering questions. Regardless of the decision made, both scenarios need to
be completed.

Additional Information you may need:
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Pre-Test Scenario
Preflight
After a weeklong camping trip just outside of Lake Charles, LA with no cell phone
service, you return to several voice mails that tell you about your grandmother’s death.
You realize that the funeral has been set for tomorrow morning in Montgomery, AL and
that driving will not be an option at this point. You charter a flight for tonight, so you
can be with your family for the memorial.
You will charter a Cessna 182 and fly VFR from KLCH to KMGM.
KLCH-KMGM-375 nm, 3 hours 10 minutes
Heading:
070 Flight Level: 075
Preflight

5:00 a.m. CDT

10:00Z

Departure

6:00 a.m. CDT

11:00Z

ETA

9:00 a.m. CDT

14:00Z

Grandma’s Funeral

10:00 a.m. CDT

15:00Z

The following weather information is available:
Surface Analysis
Local echo tops
Satellite/ Radar
Regional mosaic
METAR/ TAF
National mosaic
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1015 UTC
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0955Z

0955Z
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Lake Charles, LA Radar

KLCH

Base Reflectivity 10:01Z

KLCH

Composite Reflectivity 10:01Z
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KLCH

KLCH

Base Reflectivity 10:14Z

Composite Reflectivity 10:14Z
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Mobile, AL Radar

KMOB

KMOB

Base Reflectivity 10:03Z

Composite Reflectivity 10:03Z

88

KMOB

KMOB

Base Reflectivity 10:18Z

Composite Reflectivity 10:18Z
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Echo Tops

KLCH

Echo Tops 10:01Z

KMOB

Echo Tops 10:03Z
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METARs
KLCH XX0953Z AUTO 00000KT 9SM SCT047 24/24 A2986
Hattiesburg-Laurel Regional
KPIB XX0935Z AUTO 06004KT 10SM SCT022 SCT028 OVC065 22/19 A3003 RMK AO1
P0001
KMGM XX0925Z 08008KT 10SM -RA SCT009 BKN055 OVC095 23/22 A3009 RMK AO2
RAB00 P0001

TAFs
KLCH XX0938Z XX10/XX08 10005KT P6SM OVC007
TEMPO XX10/XX11 SCT007 SCT024 BKN045
FMXX1100 10006KT P6SM VCSH SCT007 OVC024
TEMPO XX11/XX13 4SM -SHRA BR OVC007
FMXX1600 17007KT P6SM VCSH BKN024 BKN070
FMXX2000 16008KT P6SM VCTS BKN030CB BKN100 BKN200
FMXX2200 13004KT P6SM OVC035=
KMGM XX0638Z XX07/XX07 10005KT P6SM SCT015 OVC020
FMXX1000 08005KT 5SM -SHRA BR OVC007
FMXX1900 10009KT P6SM VCSH OVC050=

Everything mechanically onboard the C182 checks out.
Now let’s go through the radar checklist and make sure all radar related information has
been collected.
If more than one is applicable, please select as many as you consider correct.
1. Is geographic radar coverage for this scenario adequate or inadequate and how
did you determine this?
a. Adequate coverage, majority of flight path is covered with a small region
potentially uncovered.
b. Adequate coverage, the flight path is fully covered.
c. Inadequate coverage, large portion of flight path uncovered by radar.
d. Inadequate coverage, majority of flight path is covered with a small
region potentially uncovered.
e. Unsure.
2. Is looking at a single radar station adequate for the prevalent weather conditions
along your route of flight?
a. Yes
b. No
c. Unsure
3. What additional information did radar at the destination provide you?
a. Potential en-route conditions.
b. Better view of convection around landing airport.
c. More convection than anticipated.
d. Less convection than anticipated.
e. Same information as take-off radar.
f. Provided no new information.
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4. What does the comparison of Base versus Composite Reflectivity tell you about
the weather conditions in this scenario?
a. In this case there is no difference.
b. Composite Reflectivity shows larger regions of precipitation than base
reflectivity.
c. Base Reflectivity shows larger regions of precipitation than composite
reflectivity.
d. Composite reflectivity shows more intense echoes than base reflectivity.
e. Base reflectivity shows more intense echoes than composite reflectivity.
5. What do the national and regional mosaics tell you about the weather conditions
in this scenario?
a. Tells me about conditions along my flight path currently.
b. Tells me about conditions regionally or nationally that may affect my
flight path.
c. Tells me there are no conditions that will affect my flight path.
d. Tells me more recent information than base or composite reflectivity.
6. What do the echo tops tell you about the weather conditions in this scenario?
a. There are “strong” echo tops (above 20,000ft) that will affect my flight
path.
b. There are “weak” echo tops (100ft-20,000ft) that will affect my flight
path.
c. There are no echo tops that will affect my flight path.
7. Based on the given weather information, how likely are you to make the trip?
1
2
Not at all likely
(No/Go)

3

4
Somewhat likely

5

6

7
Very likely
(Go)
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8. How much of your decision was based on each of the following factors?
(Please rate each on the 1-7 scale)
First-hand experience (I have flown through similar conditions)
1
2
3
4
5
6
7
Not at all based on
Somewhat based on
Completely based on
Second hand experience (I have heard other's experiences about similar
conditions)
1
2
3
4
5
6
7
Not at all based on
Somewhat based on
Completely based on
External pressures-i.e., flight mission as described in the scenario
1
2
3
4
5
6
7
Not at all based on
Somewhat based on
Completely based on
Purely the weather information given in the scenario
1
2
3
4
5
Not at all based on
Somewhat based on

6
7
Completely based on

My personal weather minimums
1
2
3
4
Not at all based on
Somewhat based on

6
7
Completely based on

5

9. Of the following products, how helpful was each product in making this decision?
METARs
1
2
Not at all helpful

3

4
Somewhat helpful

5

6

7
Very helpful

3

4
Somewhat helpful

5

6

7
Very helpful

3

4
Somewhat helpful

5

6

7
Very helpful

3

4
Somewhat helpful

5

6

7
Very helpful

TAFs
1
2
Not at all helpful
Satellite
1
2
Not at all helpful
Radar
1
2
Not at all helpful
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9. (cont.)
Surface Analysis
1
2
Not at all helpful
Winds Aloft
1
2
Not at all helpful

3

4
Somewhat helpful

5

6

7
Very helpful

3

4
Somewhat helpful

5

6

7
Very helpful

10. Are there any additional products which would have helped you make your
decision? This may include:
a. FSS Brief
b. SIGMET/AIRMETs
c. Icing Forecast
d. Turbulence Forecast
e. Area Forecast
f. Additional METAR/TAFs stations
g. Convective Watches
h. PIREPs
i. NOTAMs/TFRs
j. Other:_______________________________________
11. According to the AIM, the closest a pilot should navigate around a severe
thunderstorm is ________ miles.
12. Please refer to the first Mobile, AL (KMOB) radar image with the white box. If the
width of the radar beam expands at 1000 ft per 10 miles, how wide is the beam
at the white box which is approximately 110 miles away?

13. What effect (if any) does beam expansion (spreading) have on resulting images?
Select all that apply.
a. None.
b. Decrease in resolution.
c. Smaller features are harder to resolve farther from the radar.
d. Smaller features are easier to resolve farther from the radar.
14. In the same image, what mode is the radar in?
a. Not applicable-there is only one mode
b. Clear Air Mode
c. Precipitation Mode
d. VCP Mode
e. dBZ Mode
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15. Does the IR satellite image show clouds where radar is not showing anything?
a. Yes
b. No
c. Unsure
16. Are there any non-meteorological echoes present in any of the radar images?
a. Yes
b. No
c. Unsure
17. The most likely lifting mechanism assisting these thunderstorms is:
a. Diurnal heating
b. Frontal passage
c. Orographic
d. Sea Breeze
e. Outflow Boundary
18. Based only on what is shown on the radar, which of the following is the most
likely type of thunderstorm:
a. Single cell/Airmass
b. Multi cell
c. Squall Line
d. Supercell
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Pre-Test Scenario
In Flight
You are now one hour into the flight from KLCH to KMGM. While you have been flying,
thunderstorms have started to pop up and form a line in the way of your flight path.
The following weather information is available via datalink:
IR Satellite
National mosaic
Radar
METAR/TAF
1215 UTC
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1200Z
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A

11:30Z

12:00Z
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METARs
KPIB XX1035Z AUTO 08004KT 10SM FEW026 OVC075 22/19 A3003 RMK AO1
KPIB XX1135Z AUTO 08006KT 10SM FEW028 FEW036 OVC075 22/19 A3005 RMK AO1
KMGM XX1053Z 12005KT 3/4SM +RA BR BKN009 BKN045 OVC070 22/21 A3011 RMK
AO2 SLP195 P0076
T02170211 RVRNO
KMGM XX1118Z 33003KT 3SM +RA BR SCT003 BKN026 OVC034 22/21 A3012

TAFs
KMGM XX1120Z XX11/XX07 10007KT P6SM SCT015 OVC035
TEMPO XX12/XX13 6SM -SHRA BR SCT007 BKN015
FMXX1300 08005KT 5SM -SHRA BR OVC015
TEMPO XX13/XX16 5SM -SHRA BR BKN007
FMXX1900 10009KT P6SM VCSH OVC050=
KMGM XX1131Z XX12/XX12 08005KT 5SM -SHRA BR SCT015 OVC025
TEMPO XX12/XX15 3SM -SHRA BR SCT007 BKN015
FMXX1500 11010KT 6SM -RA BR BKN015 OVC025
FMXX1800 10010KT P6SM VCSH OVC050
FMXX0600 09006KT P6SM VCSH OVC020=
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19. What do the radar images show you about the current weather situation?
a. The weather conditions have not changed from preflight.
b. The weather conditions have slightly changed from preflight.
c. The weather conditions have moderately changed from preflight.
d. The weather conditions have significantly changed from preflight.
20. Based on the weather information you now see on the MFD, will you…
Continue on course
1
2
3
4
5
6
7
Not at all likely
Somewhat likely
Very likely
(No/Go)
(Go)
Divert around the weather
1
2
3
Not at all likely
(No/Go)

4
Somewhat likely

5

6

7
Very likely
(Go)

Make an emergency landing
1
2
3
Not at all likely
(No/Go)

4
Somewhat likely

5

6

7
Very likely
(Go)

Return to Lake Charles
1
2
Not at all likely
(No/Go)

4
Somewhat likely

5

6

7
Very likely
(Go)

4
Somewhat likely

5

6

7
Very likely
(Go)

3

Land at an alternate airport
1
2
3
Not at all likely
(No/Go)

21. Of the following products, how helpful was each product in making this decision?
METARs
1
2
Not at all helpful

3

4
Somewhat helpful

5

6
7
Very helpful

3

4
Somewhat helpful

5

6
7
Very helpful

TAFs
1
2
Not at all helpful
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21. (cont.)
Satellite
1
2
Not at all helpful

3

4
Somewhat helpful

5

6
7
Very helpful

3

4
Somewhat helpful

5

6
7
Very helpful

Radar
1
2
Not at all helpful

22. How much of your decision was based on each of the following factors? (Please
rate each on the 1-7 scale)
First-hand experience (I have flown through similar conditions)
1
2
3
4
5
6
7
Not at all based on
Somewhat based on
Completely based on
Second hand experience (I have heard other's experiences about similar
conditions)
1
2
3
4
5
6
7
Not at all based on
Somewhat based on
Completely based on
External pressures-i.e., flight mission as described in the scenario
1
2
3
4
5
6
7
Not at all based on
Somewhat based on
Completely based on
Purely the weather information given in the scenario
1
2
3
4
5
Not at all based on
Somewhat based on

6
7
Completely based on

My personal weather minimums
1
2
3
4
5
Not at all based on
Somewhat based on

6
7
Completely based on

23. Are there any additional products which would have helped you make your
decision? If yes, please list them here:
a. FSS update
b. SIGMET/AIRMETs
c. Additional METAR/TAFs stations
d. PIREPs
e. Other:_______________________________________
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24. The radar image labeled ‘A’ shows what type of product?
a. Base reflectivity
b. Composite Reflectivity
c. Radar mosaic
d. Echo Tops
25. What is one limitation of the radar product you chose in question ‘6’?
a. Shows the base layer of data.
b. Does not display any reflectivity data.
c. May take 15-30 minutes to get an update.
d. Displays the maximum reflectivity data.
26. What is the highest reflectivity value within the star shown on the same image
labeled ‘A’?

27. What are the units for the reflectivity value?
a. dZB
b. dBZ
c. Radar does not have units
28. What ATC Intensity level would this reflectivity value correspond to?
a. Light
b. Moderate
c. Heavy
d. Extreme

END OF PRE-TEST
Please give this test to the examiner.
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Appendix F
NEXRAD Guide for Flight Bag
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Appendix G
Full Results from Opinion-Based Question on What Factors Were Important in
Making the Scenario Flight Decision

106
Measure

Condition

Part of Flight

Response

Scenario
1

Pre-Test

Experimental

Preflight

First-hand experience

3.37

Second-hand experience

3.33

External pressures

3.20

Purely the weather information

5.67

Personal weather minimums

4.80

First-hand experience

3.53

Second-hand experience

3.97

External pressures

3.07

Purely the weather information

5.70

Personal weather minimums

4.77

First-hand experience

3.50

Second-hand experience

3.50

External pressures

4.07

Purely the weather information

5.20

Personal weather minimums

4.93

First-hand experience

3.00

Second-hand experience

3.73

External pressures

3.70

Purely the weather information

5.87

Personal weather minimums

4.97

First-hand experience

3.57

3.00

Second-hand experience

3.60

3.67

External pressures

2.80

2.97

Purely the weather information

6.10

6.23

Personal weather minimums

4.67

4.73

In-flight

Control

Preflight

In-flight

Post-Test

Experimental

Preflight

Scenario
2
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Measure

Condition

Control

Part of Flight

Response

Scenario
1

Scenario
2

In-flight

First-hand experience

3.11

3.13

Second-hand experience

3.59

3.60

External pressures

2.76

3.03

Purely the weather information

6.00

6.23

Personal Weather Minimums

4.93

5.00

First-hand experience

3.20

3.10

Second-hand experience

3.50

3.17

External pressures

3.60

3.00

Purely the weather information

5.67

5.77

Personal weather minimums

5.07

5.00

First-hand experience

3.30

3.30

Second-hand experience

3.70

3.40

External pressures

3.53

3.20

Purely the weather information

5.63

5.63

Personal Weather Minimums

5.07

4.87

First-hand experience

3.43

Second-hand experience

3.89

External pressures

3.25

Purely the weather information

5.82

Personal weather minimums

4.64

First-hand experience

3.11

Second-hand experience

3.82

External pressures

2.68

Purely the weather information

6.29

Personal Weather Minimums

4.79

Preflight

In-flight

Post-Post-Test

Experimental

Preflight

In-flight
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Measure

Condition

Part of Flight

Response

Scenario
1

Control

Preflight

First-hand experience

3.69

Second-hand experience

3.55

External pressures

3.52

Purely the weather information

5.52

Personal weather minimums

5.07

First-hand experience

3.14

Second-hand experience

3.66

External pressures

3.21

Purely the weather information

5.93

Personal Weather Minimums

5.31

In-flight

Scenario
2
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Appendix H
Full Results from Opinion-Based Question on How Helpful Each Weather Product
Was in Making the Scenario Flight Decision

110

Measure
Pre-Test

Condition
Experimental

Part of Flight
Preflight

In-flight

Control

Preflight

In-flight

Post-Test

Experimental

Preflight

In-flight

Control

Preflight

In-flight

Post-Post-Test

Experimental

Preflight

In-flight

Control

Preflight

In-flight

Question
METAR
TAF
Satellite
Radar
Surface Analysis
Winds Aloft
METAR
TAF
Satellite
Radar
METAR
TAF
Satellite
Radar
Surface Analysis
Winds Aloft
METAR
TAF
Satellite
Radar
METAR
TAF
Satellite
Radar
Surface Analysis
Winds Aloft
METAR
TAF
Satellite
Radar
METAR
TAF
Satellite
Radar
Surface Analysis
Winds Aloft
METAR
TAF
Satellite
Radar
METAR
TAF
Satellite
Radar
Surface Analysis
Winds Aloft
METAR
TAF
Satellite
Radar
METAR
TAF
Satellite
Radar
Surface Analysis
Winds Aloft
METAR

Scenario 1
5.07
6.10
4.90
5.63
4.27
3.83
5.23
5.47
4.87
6.03
5.03
5.73
4.93
5.63
4.03
3.30
4.53
4.77
5.00
5.83
4.63
5.43
5.40
6.40
4.60
3.87
4.67
5.40
5.20
6.40
4.77
5.43
5.23
5.73
4.60
3.27
4.66
5.20
5.67
6.13
4.54
5.43
4.93
6.14
4.71
3.96
4.11
4.75
5.64
6.61
4.86
5.38
5.07
5.72
4.07
3.66
4.24

Scenario 2

4.80
5.50
5.20
6.60
5.00
3.70
4.80
5.43
5.30
6.37
4.67
4.83
5.20
5.93
4.60
3.10
4.57
5.03
5.47
6.00
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Measure

Condition

Part of Flight

Question
TAF
Satellite
Radar

Scenario 1
4.66
5.14
6.17

Scenario 2

112

Appendix I
Full Results from Opinion-Based Question on What Additional Products or Sources
Would Have Been Helpful in Making the Scenario Flight Decision
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Measure
Pre-Test

Condition
Experimental

Part of
Flight
Preflight

In-flight

Control

Preflight

In-flight

Post-Test

Experimental

Preflight

In-flight

Control

Preflight

In-flight

Post-Post-Test

Experimental

Preflight

Question
FSS Brief
SIGMET/AIRMET
Icing Forecast
Turbulence Forecast
Area Forecast
Additional METAR/TAF stations
Convective Watches
PIREPs
NOTAM/TFR
FSS update
SIGMET/AIRMET
Additional METAR/TAF stations
PIREPs
FSS Brief
SIGMET/AIRMET
Icing Forecast
Turbulence Forecast
Area Forecast
Additional METAR/TAF stations
Convective Watches
PIREPs
NOTAM/TFR
FSS update
SIGMET/AIRMET
Additional METAR/TAF stations
PIREPs
FSS Brief
SIGMET/AIRMET
Icing Forecast
Turbulence Forecast
Area Forecast
Additional METAR/TAF stations
Convective Watches
PIREPs
NOTAM/TFR
FSS update
SIGMET/AIRMET
Additional METAR/TAF stations
PIREPs
FSS Brief
SIGMET/AIRMET
Icing Forecast
Turbulence Forecast
Area Forecast
Additional METAR/TAF stations
Convective Watches
PIREPs
NOTAM/TFR
FSS update
SIGMET/AIRMET
Additional METAR/TAF stations
PIREPs
FSS Brief
SIGMET/AIRMET
Icing Forecast
Turbulence Forecast
Area Forecast

Scenario
1
83(%)
80
30
43
87
70
70
77
47
97
63
47
70
83
83
33
47
87
63
63
80
37
90
70
50
70
83
73
23
33
87
53
53
83
33
97
63
50
80
83
86
41
55
86
52
59
76
38
87
87
70
87
82
71
25
43
89

Scenario
2 (%)

80
73
27
50
83
60
57
87
37
87
63
43
83
90
90
40
50
83
53
70
83
37
90
87
60
80
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Measure

Condition

Part of
Flight

In-flight

Control

Preflight

In-flight

Question
Additional METAR/TAF stations
Convective Watches
PIREPs
NOTAM/TFR
FSS update
SIGMET/AIRMET
Additional METAR/TAF stations
PIREPs
FSS Brief
SIGMET/AIRMET
Icing Forecast
Turbulence Forecast
Area Forecast
Additional METAR/TAF stations
Convective Watches
PIREPs
NOTAM/TFR
FSS update
SIGMET/AIRMET
Additional METAR/TAF stations
PIREPs

Scenario
1
50(%)
61
82
39
82
68
43
79
86
97
38
62
86
55
66
83
34
90
72
48
79

Scenario
2 (%)

